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(54) CRYSTAL PRODUCING METHOD AND EQUIPMENT THEREFOR 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide the method and 
equipment for producing a silicon single crystal or silicon 
polycrystal by using a vapor phase component raw material. 
SOLUTION: In this method, a high frequency coil 1 to which gas 
blowout ports 7 are connected oppositely to an exothermic solid 
8 or a melt 16 and metallic conductor barriers 22 each having 
plural insulating longitudinal grooves are arranged, the 
exothermic solid 8 or the melt 16 is subjected to induction 
heating with the high frequency coil 1, a gaseous component 
raw material is supplied to the surface of the exothermic solid 8 
or melt 16 from the gas blowout ports 7, and melt drops 8-1' 
are generated in the lower part of the exothermic solid 8 at a 
temp, higher than the melting point of the crystallized raw 
material to allow the melt drops to fall and flow out, or the melt 
is generated on the lower melt zone 1 6, thereby growing the 
single crystal on a solid single crystal 18 supporting the melt 
zone 1 6 by a floating zone melting method. 
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[0104] ^:if:^ti. iJ:^mKu 5 i U #*&^?tt. 
# W U R 7 e,^H«E 8 (OTSP^® 8-1 \z.iSSem> 



1 0 1 0 5 1 0 3 \t^^m<r>m 1 o)^mMm\^i. s^s 

o^«aj(D«^Srlft5gi-5»f®0, 04tt03(^)S««D 

[0106J 03, 04 ntc^i-^ajti, 01,02 

U, ;«f;^iiiK6, ?^*«)iiiK4 Sr^S«(0§]BiJ, ^ 
inXfciiiJf^^Ufcfctrot?, •?:©ftbW:, 01, 0 2(D 

tf, ^, ^, ;&^*SfflVNe>tLS„ 
[01071 ^UT, i©^JJC*5tt5i^ffl&=i'f/Hrt 
Ji:|S»te>ixfc;i!f;^5iK-efc5:«f:^^Affl*»'if 6H:, 04 

B*:#mUP 7«SK»te>*VTV>5„ 
[01081 01~0 4 fC^-f-^Stt, ±.Um^ 8 (DiS 

ia*® 8-1 iSiffi 3 ^ /n «>aa < diaa ^ fvxio K) 

(a^A-ffil -1 i:jSa«®8- 1 t©^=5mm~ 
2 5 mm) , (Jfe-g^^^*) i < ^^J^-^-UT, 

a^/V'^^'d^^ 1 o|&p«:^f^/^2'^sfflv^6>i^, 

[0 10 91 ^HflJSi: L.TS5»fiS'>y =I>'SrfflV^5 
S^, •t«>tfc^H:^fflJj:*3V''t:, lilt, 1 o3;j— A 
• b/W (Q • cm) d^bl 0~3q- c m<Di£ 

^ (ScQ • cmUT) 3S?Si@^^^8tt, f|#«gS 

#5, ->y 3V*Si«StT[<^^&a-, ^K^aiiKds 

>^ftHt, ^S-eSS^ ( 1 0 Q • c m~ 1 O O 0 O • 
cm) -CfcoTt), 4 0 0'C~6 0 0'COiiJ[t?, ItS 
it«SlQ'cm~0. 1 Q • cmt>5:!9, 

») , ^Hflso— SSIc 4 0 0 "C~ 6 0 0 "CiO^Sr^Dx. 
•tir, ^IttSrv-y =^>'@^tc±5%^@«^8ifi-^»t-5ri: 

[o 1 1 01 m^\^tc:^^m<r>m^mti. 
^fitLm^mim\^^ittn^\^xi5smii*) . ^-r/w® 
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[0 111] 05fiIili~|l|4t;iJ:t)Si§gbfcSJS?^® 

[0 112105 (a) tC^-f-ifiJtt, 1S^(7>="^/V^li 

^*^^$^^fc=-r/^*^^ ct) jc&^oTiagbyttco-e 
<omm t tcfBoTfSJt ?> jxfc;i(f^B*:# ttl L p 

[0 1131 05 (b) {C;^-r««Jtt. mS (a) 

^SI«:8<^55EgI5TS8 - 1 <D®gf, SJiS 
[0 1141 05 (a) . 05 (b) {C*-r¥«4ftS>-5 

SciZ-i^ (0ij;?Ltf. tfj-^^as, (pmu. ^mw ic^^i, 

[0 1151 06|;j:;^%^<9m2«>||%^«|(CJ:%S^11 

oe^Sr^Bgi-5»f®0-efes. r<o*%eg<^^2<Dii 

#ll^bfct<C>-efc5o 06t;i*JV^-C. 5-1, 5-2H: 
:^f;:^<z>^AP, 6-1, &-2it^:^m^s 7-1, 7 
- 2 ;^©B#:# tii L P t?$>.5. 
[0 1161 06tJ:*i-2|s:3S5g(O^2«>|fe6fi?g«8t4, |^ 
^{c2aSI<^:3!f-^Sr:if;^liAP5-l, 5 - 2 (O-eiv-? 
tt*»P>^AU ;it/;^ii^6-i, 6-2S::Jhb-rp#:§rai 
UP7-1, 7-2d»e>e*:#a$-&5J:plcufct©-c? 
*>5o iosefejglitt, 2«g<D;tf;^S-^i-Swi:t 
J: 0 , ^i\.^ix<r>if:^ ?Sr3fi5l:o5^-eSf£:^rtlc^A-r 
iCtiST-^, (1) ^:^^m. iS*Sr3£5i;fc^{b$* 
(2) fflja;«f;^9#:#tllUPJ:»?^Stt 



-r^.rt*5T't5. (3) #7Em<k-g^ig^<O^S (Si! 
i§) ^^c^f^^caS;bav^ili|sf;<f;^ (^J;t{i, SiH4 

[0 117] 0 7Ji2^%§^<^m2CD^?^^ro^?g«?il(C 

fct,rot?fcs. 07fj:i3»t5!^-^fi06ro#^i:l^— 
[0 1181 0 7 {;i^-f ^S<o«l|gtt, 0l~06lcj; 

SSfi, iii^&3^'/H<Z)S®©;«f;^!*:#WUPfj:*f[R} 
# W b P e> mrlBH«:±{cm!|£f;i!/>^ Sr5*:##ttS i 5 tc 

[0 119] 08{i01~07tcJ;»Jl5i?gLfcSS<O± 
® <t t) Efc =" -< /i^Stc^Jt ?>ttfc:«f ;^D*:^ ffl b RXU5 
;«f;^5*:#mu;^|fe]<oiss^JSr^-r0, 0 9ii0i~07 

g<OMSr*-t-0, 0 1 O fi0 1 ~0 7 {c J; •? Iftii bfcg 

t5E«o^JSr:^^-r0T-fcSo 
[01201 08 fcj5rf-0 1 ~a 7 oSiet-*3»t5¥4R 

;tf>^ 5*:^ W b R 7 SrfSSaH**: 8 ©ISSRl^iB 8 - 1 i 

ffiS- 1 {J:*fbTf5ffSttl^:!!f:^SrB*:#it'5J: 5{--r5 
«i^;«f;^i:SJS^bfc;«f^i:*S|SfSftH«^®|i»ifi 
-CSLiSSrSb^ lliiEf:«f;^«i^tSlS:^;«f;=^© 

i!«:#tilbR7Sr, :ff^<>k^mi^:^(^i>im^m^8a>^ 
«®8-Uri*bfil*tS:Jtfc*TK»t5::i:JcJ:?), fit 

ri:i$-C#So 

[0 12 11 08(c^;^/;^e>ctaibR 7fc^^Jte>ix;fc 

^8i«, igisis«:«>2|£S^r6]»c»bTnimA*(Ri (-r 

Jfei^-^, ^<og«S:*-f6j) f;!;^;^ Wbfc#^(D«?i|?r 
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[0 12 2] Bu3^bfcJ;p?5:;«fp^(D8J:#fflUP«jSSrfi- 
:^[R]fc5V^«:^ (rt) ^:^[Bj{c, ■ffl^tftSSrfcoT^f^ 

[01231 09 fw^-r^H^*: 8 <O«it(O«ajS:^-t-0 

mwxnu. 8-1' ttSitiSE (M) T-fc^o s 
9 (-r) ~09 (y) \^m-r^m^(om\±. my^ax- 

[0 1 2 41 S9 (-f) . (D) fll^-r^Jtt, 01 ~E 

ot>«>T?fc5. @9 (/^) , (n) {c:;^f«ai«:, t^J:^^:T 

»fct--5:ii:i5t?t5Sjt-efc-5o 0 9 (*) ~ (!)) 
lC^«?iJW:. 01~07tc^L^5:^H^it:. i^^SKa-f 
/K ;<f;^e*:#{aupS:i soSia^g (JiTJS?) u 

^iSiSESr%^^?*5fco-C$>5. -tUT. 0 9 (*) 

^m^. ^^ufc^i»?asB8-i' srHf*:«ia«)jgia 

M?S9 8-4lc*J6, m;^^)■5V^^±|iIte^;lJ;•?. ^jSffi 
9 (r^) ~ (^) {:i^«f!lt±, ^^Lfc^iSflE^'^'ife^ 

SJcptwUfcto-efc-So ^??>tc, 09 (y) 

14, 5l!Sl@«^8(DJi®8-llc^ai^^Sr^^S-*, 
[0 1 2 51 09(;^^L.fcBigi@^8H:, 
[0 12 61 0i~07i;:J:»)SlWUfcSI«t^fflv>p,ix 



^i-01OH:, «^(^)*&i^«E»^%i-5^Jiltt^m^2 
v>T. 1-1 «cl6fK^@(♦:*)5V^«|8||fi^giStf^c^^:*Mn] bT 

6-2 $ tvfc^t^;*/;^ ii^. 7 \t:ff:^^% m L 

p, 7-1, 7-2{4:^>lll^c^^fcl^a*>5v^fi^a(D^ 

«&:!{f;j^©p*:tmbp-efcij. :^Enf4:!!^:^ro5*:*WU:;^lR) 
«>*^Sr*UTV^S„ Jte^J, 010 ~01O (5?) 

[01271010 (-f) fC*i-0iJW-, Jp^^^rJ^yV- 

:ff:^m^&^Wimz.m. 010 (n) tc^^jfi, t&f® 
is^?g<0=«>f /H fc5V^tti&JS'tt^(*:|^S2 0 - 4 rttJ: 
;^!*:# ttl L R 7 ^mir^^t^-0:^m^ 6 ufc^»J 

7k5i]^4 t $^^TV^50iJT•S>^), 010 (/N) lC;^-r^J 

<t !JPSUT^^Ufc«?<J, ^yt, 010 (=) \z.m-tm 
f4, ?^4fl*il^4Srjto=i^'/H(7)Ffl(c;<f;^aK6 0iH 

[0 1 2 81 01 o (j}^) , ('^) , (K) {cs%-r«?y 

#fflb07-l, 7-2Sr^i-5iS5«St=i-</KO«igR. 
01Be«?ijTfc5. 010 (*) \Z.^mii. 3-^'/H<0 
»T®Sr0lO (D) tcifc'<T«ISt U «^;i!f;^iiKSr 
2;*:3fe?iJfcK»tfc^J-eS>«?, 010 fJi^^iltt, 

iffcmxkZo 010 (h) ic^mt-i. 3^'/V' 

W LP ?rtSltT^i^:if^aKSr 2*^ltfc{fijT-$>eo 

[o 1 2 91 01 0 (^) . (y) tc*-rfi«Jf4, n;*^^ 

5*:#ttiUR7*'.t>«5;«f;^iiScftS:il®-t-5^/X/V2 2 
SrSJ:»tfc«>iItf*>»), wite>©B»::43V>-r, 2 3H:yX/w 

^Sm&M^i^U. 2 4f±=fAy<->'^>$>5V^H:Oy 

5feiSS5Sr ;if ;^5*:# 111 L R icaa-r ?t «OA 0 R»-, 
ixTV^5» *fc, 010 (^) fc^Mtt, m^<Olim. 

tc^mmm2o-4<omm&xmmmx»>\}^ ^Mm^ 

l*S2 0-4JC?&^7jcAR4-l, }^*®fflR4-2 
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[01301 B 1 1 (i:*:^!?©^ 3 (O^Mm^ci. i>m 
[013 11011 (a) ^;::*5V^T, m!^mt^8ff>TU 

«® 8 - 1 T*|g^ Lfc^m^ffli?K?S 8 - 1 ' {i, li£®<0 

^'^gpo^fige 8-2 iz.m^ *) . mjjici. u mmm. 
^mnmrndi-x^ r^i arotftraoT^rr-rsisiici^ 

^'ifet^^^B' irJ^toT^H^-SofJl 3ic^je)f,ix5. 
[O 1 3 21 01 1 (b) 011 (a) iZ 

^-r^ajtcfcCtS^^Sof?! 3<^Ji$p{;i. mi 4' ic^ 

LfctcoTfos, ^T^gg^^s}K9«. doiftaidutei- 

9' t LT^S^SofJl 3lCjt*^ix;5. 011 (b) 

01 1 (a) C5S^9 1, J:!3iS^*»V^ 
J|S^^*Sr#5ifc*s-e#5o 'tis, IartEHflci4f4, 

i:-5S-C#5o lalteSf*: 1 4 JP^bTfflv>5r 

^»JiJ:t)«tefe$tv5„ 01 1 (a) , 01 1 (b) fc^ 

[0 13 31 01 2f±;*:f59g©^4<Diete?^fl8»cJ;5^ 
«<^«^Sr^?g-r5Br®0-efc>), SAT. 01 2Sr#fiS 
UT>*cf59g©m4©|QS?^ISSrfftM-r5. w©^?^«8 

•r5tifilSrAn;t:fc^J-efcSo ^5^*5. 012 Jctt, flSJg?: 

om'^rt. 01 Koig^tl^— TJiv^ 
[0 13 41 01 2^c*^v^T. 0^L'iv^^i»«MoS8 
iiS«*^e>^T-r5^iKfS?S9M:, UT. 
mm^fi1iLi)r3\ti 3rt»c:tti^$ttT?&Si@fl:$*v, 
^S-fi^zJy Hw«5t**v5o ^^Solil 314, — 

1 5{ci•3^ra^^^^-cv^^>„ :&^S-oj?i 3rtt;if4, ?g 
fflEFeEig9AS«i^$iXTv'y3>^«iSl 6 BfllUfc 
ai'^ifeSl 8* i:*s?gfig$ix5. 01 



1 3 l*3<75^ia^R 1 6{;iati^bT^Loo, T^J;tp}«& 

mmtux^f^^-o^fy h^mm-rz>:iti)^X'^?>o 
[0 13 51 ii^, ^^)^^mm'f-z tmmmi^. 5 

mmvx-(>=ry h=s:^-t^m^. ^^^ximm^^t 

^«?bfc< < . mmmmMi:mm<Dmmmmx <? 5 ox; 

~i 0 0'Cift<i-5i2:<Sd5fcl9, $e>(::. ^<o>mmt^ 

*^i!)^K>. m&^mit>im<^J:'oXTOc LA^U 01 2 

[01361 013 \^^m<ofs 5 (DmmmKx?>m 

W:(Dm^%:Mm-r^m^mX'h*) . &.T. 01 3*r#M 

Ufc^BKKMSrm«>T-> y = v^iKJKi: y a 

^*5, 0l3fctt, Wm^^tfi>U^^i:^VXis 
?) . ^Ifc^MSriSag-rSSiS^J-OflffigHL, 011 (Dm^t 

m—xi.\>\ 

[0 13 71 01 3^^*5v^T, mmvf£\^mmmM(^m 

3tS«*»e>S:T-r5J^S|g9»4. ^mntVX. ^ 

^m(DFi^m<Dmm 1 9 rtsraoTAD^s 1 5 tci •? 

*D^$ixfc5offl 3rtlCtft^$H, 3rt 
{oy =3>^iSJBESr?g^iS;-t-5o ^iS<ORfS?gS:bfcft 

mi 9 ti. mm 9 nammm 1 e ©^©x-flHRi-s <d «ri& 
[0 13 81 mm3m^\±tf^nom^. m&m^t u 

I?^$p6?j|;i+ 5 o'C~+ 1 o 0'C<oifi5ia«SjK^t?fct»l8 
(0 13 91 #Jeft'r>=r3' ^S:ffiv^S*fett, 

Jis, r<o:*rifett, ;*c?^<oJii^at;»c?^ («X) o^ig 
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to 1 4 01 mi 3\ci.^m.mi-tL:^mm<of^5<Dmm 
[01411 014 i-i^^mff>m 6 (omm^wncx^m 

[01421 1114 (a) . iai4 (b) {C^3V^T, 

Tv^5a^Jgftl 7Ji©ixy =2:^m&i 6\m^vf£ 

^Sr'ti-SiS^gta-r/Hfi. %l^@fi:8&tmil!lK^l 

[01431014 (a) ^;l^0|J-T?fflv^P,j^556IRi@ 
#:8fi, 0 9 i-^) ~gl9 (^^) iC^UfcJg^^OtcOS- 
^i-^r tfiJr-^. mi 4 (b) i;i^«?<jT-ffi 
v>e>ixS%ISi@^t:8{i, m9 (-) {c:^Lfc?^*^©to 

mi 4 (b) i^^-rmo>m^. m 

f^Hft: 8 8-1 T-^^ Ufc^ffi^ 8 - 1 ' li. ^ 

•?r©3feSgg58-2lcai5o 5fe4igSi58-2H:. mmm\C 
^ UTV^5fei^>^§i^^iBE8-l• «:R?»fcgf|» 

Jg^i 6j;itt^$n5. 014 (b) t;:^$n-5 
Sfitt. ISIfe@{*:8©lH]fe4''L»i||t^SifeSl SOliliiS 

[0 14 41 iiia, ??iS^efeSr^V>T*ifeSSrfiKS$-fr 
[0 14 51 W5£Ufc@l 4»c^i->|c%ig©^6«>iaife 



m&(D±m^£=^:^ h^^i^i'Srmsr ^:^s-et5«©^< 
[01461 m 1 5 i^^^m<Dfs 7 <Dmm&micxi>m 

Sir. m 1 5 S-#Rg bT;*:|S5gom 7 ®ieiS?g«g^Iftig 

-rs. wOM7(Dieis?^®tt. mi 4©»e-i:i^«tc. 

[01471 mi5 (a) {w^-r«3J«. @<*:^fB (#-!^ 

^fcsv^^4^^e^) ±(c. ^2(7)ii5^js=''i'/n ' Sria 

m*UTV^JtcV^Jhlfl505^Hfr 8 (^JiSgpJ: t) ^STfcSV^ 

«Ti^*ittii-r 9 ^rn^wm 1 s {c#t 
1 5 (b) tc^0dtt, mT-rimmmm<omsc^±<r> 
ttfcPt^i 9^ga«Lyc«?iiT-fc5, mr^ixtzmm9 

[0 14 81 HuSSUfcmi 5 (a) , mi 5 (b) iz^ 

mis.m<D^^ t m^a^&co^^ t ^ss^ic^j^-r s r t 

»5r i:a5T-^5tcDT?fc5, ^h\z^ ^<n>mii.. m2 

[01491016 »::^%^(0^8 o|gi&^«g(c J:;5ig 
£tT, mi 6Sr#fiSL.T*fSK<^^8<0|liS?gfigSr|ft9g 

[01501 mi6 (a) lJ1^0iJ{C*5V^T, mPi-:l>f:^ 
#S5«5^Sl^l 6(Oil5#Srl^^JnlKH.TV'»5. ^UT, 

isi«iB{4c 8 iomimicm^^tiit'^ v = v^isiffiw:, -> y 

^va^^ft (¥ife^) 1 7co^igg?^ctti^$^^T*)^ 

S^S$iirf>tL5. -^ya^'S^iSSl 7«. jl^. B: 
S3mm~ 1 0mm, S$ 4 Omm~ 1 0 OmmW+ffi 

sr'fi-bTv>5„ m^^^s mm&'p<om^xj& mm 

i:fl:<-i-B^&.it^M (Dislocation Freeft;) Sr^T5 

fcfe, v'yr'va^s (#ifes) 1 7o5fe4jgg?fi^ft 

•^SiSStt, — ^-?:©ii:S*S3mm*~5mm*, 

3 Omm-^5 OmmiCigiE&iX, ^(0^\cf^&m&i:ittf 



(17) 



#M ¥11-314996 



^igfa 1 8 JilCJi. 014, E! 1 5 tC^ Ufc t 

[01511016 (b) 16 ( c ) {c^-r^j 

tt. ±u<o^m» 8 (o^sgp i !j mr-r^fmmm 9 $> 
5v^ttTl^wt-5^]»^^8-l• Sr. mm^<p'ti:<t 
tim±05?Li 9-i^^-r5i^sHv^ (ts) i9(^ 

»cg:(t, HufSl^iUg^?Ll 9-l^^LTa^f=i-ttxm 
S:^T50!|-C$)^, SJlJ^a-Y/Hi. Ili|sf;if;^B*:ttlUPS: 

<o{sitfr-t i < . 'St^&iliisf^ «5 1 6 - 2 tm^^^ 1 7 

O^SlaSir^iB^bTVNS, ililsfJSt) 1 6-2(i. KM 
H^^i£giJ<^?L 1 9 - 1 SrrJ^ Lxa^^ifeS 1 7 o^^^ t 

[0 15 21 «&*o??3e»&■c^T/£Jp^^Tv^5a^=^& 

[0 15 31 01 7(401 5 (b) S.t/01 6 (b) . 

016 (c) \^i:y)mmht:iMX'm\>^hfitctimi^mm 
Risi 9(Dm^mo>m^A^i:^-rmx'ib*). sir. -tt 

[01541017 (-<) {;i^-rWtt, i^«:|StSRi^ 
1 9*P3fS^*©ii£'fcL<OJ^:|^fc L:fc«»J. 017 (n) tc 

fcai 9-lSrW-1-5fi^-ca5)5. Si 7 (xn) 

Sr-ri?^Sritofi^» 017 (=) »::^i-«»JHt, iSffi* 
^■*TRfS«)J£lR5^^lc-toTP:E;R«l 9-2^Eil 

ufc«-cfc5. se>fc, ai7 (si^) ic^flRjtt, 01 
7 (xn) ,017 (=) {c^m^m^^-^iy^tciB^^ 

1 6 tmm^f^(Dmm i e - 2 1 sss, Bgv^fci£«ss,5 

\i^tilL 19-1 Sr^bT)i)Si-5 i 5 Ki^aSS-arT^ 

[01551 sjig ufc J; ? tmmpin 1 9 sr^-rs r 



JS§P^c^^te>^^fc?LS^, 016 (b) fciDiftg^b 

[01561017 (=.) iz^vitmtt. I^;B:R3Ki 9 
- 2 LT*3 y) , 19-2 Sr^il!^?SM{c:S 

C:i:;0ST-#5. 017 (jf;) fc^Lfc^Jd. 

[0 15 71 01 8ti^^m<om9-mi i<r>^mm 

\^i:^mm.<Dm^-^mm-r^mmmx^^ . 01 

8 ^^m. L.xif.%m(n)% 9-^11 (Dummm^mm-r 

-So *^9go^9~^l l<^^iS?^^tt, ^@(*:8<0 

lS!|sf;5f ;^ ^(!*:f=J-tt. mn5^@ft:<o JiS 8-1 \z.mm^ 
Pc^ m) 8-1' Sr^^^-ar. fo5V^^4, WIE^S 
«:<0±ffi8 - 1 \zmmmMm^ l e Sr«i#Loo:iti,»c 

[01581018 (a) \z.7ri-r:if.^'m^Q(D^l^m^ 
tt, 3'1'/HOTtC^»t^09 (*) (C;^bfc^?^?^^^ 

Sr=firi-5ISflftH**: 8 SrlUte UT, J: t> J^itlKJK 

[01591018 (b) (C;^i-*^|g<0^1 OOHiS 
mmi. 09 ('^) -09 (^) lcJ:!9Si§gufc«iif!|^ 

(oj^^^m-^^^^ms^m\^x. ^m^B<o'^^ 

9 y:)s\mmmi:my^^xwmmm 9 sris^ ^ 

[01601018 (b) lC*-r*^9^<^^l OOHifi 

*UJfcv^;E^^rt©^§i»^Kl 6fci^!tti^UT. 

914, 015 (a) , 016 (b) »C±!3lftiqUfci9 
^2«5iS5^g[aW'/^S^ffiv^T. 3SfKlHflE±S5t::fiyf 

[01611018 (c) \Z.^rr:^^mff>mi KDlQg 

09 (p) \zx\)mm\^tzM^^n-^^mm¥i^ 

1 8Srllv\ ^@«il 8©JiB{cM3|sf^itJKSr,gTL 

xmmem imm) 1 

[0 16 21 HUxEUfc*%5grom9©|dfe?^fS{4, ^ 
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[01631 1 9 tt*%?g(^>m 1 2 (Ol^J^ffiJc J; ^5 
^««>«^SrIftM-rs»rB0T-fct), EAT, 0l9Sr# 

Hi 2|Qfi?^lieri. 3-f/v«5mBptc:*f;:^p*:abP?Sr5fi-t- 

[0164] 019 {C*-f-:4=^|grciH 1 2 <7>|fe6S?^^fC 
*5V^T, ±lFe©%^@i^8(7)Tti5ffi8-l 
K:ify^v^m U p 7 - ij; t) B*:Mtt e>ns *ffttl^St«E?S 8 
-1' SrlS*^?*5, r<7>}§ia?«}gi8-l' tt, n^K 
<t!3%^@^<^Ta55tiffi8-2^iloT, TSPlcKBU 
fc^@«:i 8(DJi|FPlc(%it^ttfc^M?g^tc««&$ix 
5. 1 8 «o±|f5«:. l^^(ciSilSt3-f/nic:J: 

!*:WbP7-2±!j !!*:#it ?>ix*f W^BKK^SrJ^^-r 

[0 16 5] -r^ityii,^ ^(ommmmn. jigpo^s 
«u t , TSi5©3siRiH«^ 1 8 <D±mm^ 5 ixfctgai?fiw 

[0 16 6] /jr*5. mi^^:if:^fi. ^mciD. ■fi^x. 
fi, ^Sj^fto|D»3t;:a 1 6 (a) \cX*)mmvtii:^ 

SrB5Jti-5fcJe>l::, JiS5;!Jf;*!«:tHUP 7- 1 J:•?ll^s^:i^f 
;^Sr. Tge;?fJ^?*:ffiL.R 7-2i»)5^:stt;i!f;^■£^«i!eb 
TtJ;^^. 

[0 16 7] S2 0M:3^%^(omi 3<o||li&3^tli(::J:<& 



ffi{c?&o-T:!li|s|-:«f;^fc5V^fi^flH4:*f;^<D:!{f;^5*:ttJP 7 
•5. i'iiJ, 02O^;l*^^^T, 2-1, 2-2tii«^&3 

[01681 020 (a) i:im^m^mm\c^\'^x. m 

1 6 • t;:®i|sf;«f X ^^^s r t J; ij , ^Sl^t: 
1 6' o?fi:S:^i^0S•*Tv^< t>a5-x?fc'5„ 
[0 16 91 Se*rom?Kl!l^jSfeH:, «]»loiS!|s|^Srig 

[01701 020 (a) \c7f:-r^^m<Dnmm-mii. 

tl fmmtl tik>htit\^i:^X^^ K^^i^n $ -lir -5 r 
±.U\^i3^-yf—m='-^^^^Umrr^ :l t hx^ ^, 

[01711020 (b) \c^rf-:^^m<omi3<omm 

S^««£^-^;i{f;*>5*:aL,ff;^tc±-:>-c3£Si (Sib) VM, 

v>*s, 02 0 (b) »mmtwi6' \z.m 

^^S^>5V^«:@^fi^Al 7' S-^-t-Srtlci*). 

[0 1 7 21 'fcfc. 02 0 (b) IZ^V^ma. 5?jS^ 
Bji(*i6' cD±;^fc@i!^^ 1 7 ' ^^bTJt;^tc§| 
±tf^mxi>i>iK @^ftl7* ?r^ffi^l6' <OT 
^fPfcS)^ L.TT;&tc§l T»f T -5 J: p til UT i V >„ 

[0 17 31 02 iHmc^W©^! 40Sfe«?^ffi|CJ:5 

SB. xt;^. ^<o^m(om^i:mm-r^m^mx»> 

9 , SiT. 0 2 1 Sr#MUT*«9g<DH 1 4 O^JSJgffi 
[0 17 41 02 1 (a) \Z^rff^l 4«>|li&^ffitt, 
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8 (D±^i^^mwim 1 6 \cmm b)fe^^s^^f ip-ars t 

9«ftn^*>a<'^c5„ 02 1 (a) \zi^-rm\-i. ^ff^m 
<o mAyx-m^Dtmrnm (mmm(^{s.n%: 20- 

[0 17 5] ^L-c. ^(^fiRitt. m^(otmmm\mt. 

H«J1 8i:-t©^i^{iji2 1 fcSrIiJ«BT^^-ar5;itt-± 
[0 17 61 02 1 (b) lc^-f-^?^fi3j«:, yffy^tkmv 

^:»-;^f^Sre*:#»t, ^^t-50fm^it?S^i 6 ^huIBH 

02 1 (a) \c^\.itmmmiSi<om^kmmi^. m 

1>v ^SEe2 0i:J§fflHS6i:©rafcfS*i-5m8£^fr 
[01 771 022 l±*^8g<0» 1 5 OlQfeJ^ffilCiS 

[017 81 02 2 (a) , 02 2 (b) 

<omi s<ommMiiSi. Rxf. ^<r>mm^. 021 
(a) , 02 1 (b) \z.7r\^it.'miA<r>mmMm. s 

wmwM\^^t.i\^t:.^m^m'm.¥(^^m\^'pfi:< 1 1> 1 

<B£H±, il>'i< tfc iaS£t-h<^:</^ («a|;trf. 
;ff:^, aSi4:<f;^*>-5v^ttmjpf^^)-:«f;^^) p*:tiibP 
7' -1, 7' -2^SgUTfllfigbfct><Ot?$>5. * 
*5, 02 2(cj3VNT, 5' -1. 5* - 2 «:t9fE;!fxe*: 

[01791 022 (a) , 022 (b) iC^^rmm 

Wifx. mAmimmstfHmi^if^<>kmva%:m&vx 



i^f^^^m) (Dm^i:m±i.xmmm^^^ 

m\c^m^^:iti^x^. -kit. ^i&^dtf7.mii^\cx 
!? . SfS;?f^^SJS!ifife;Jf;^d53i^H«^ i 8 ro^Btcifc 

[0 1 8 01 02 3{4*^§^0^1 6,^1 7<DmmB 

2 3 sr^flg bTJ*cisigo^ 16, IS 1 7 iommm^^ 

[01811 023 (a) tC^-TB 1 6 <0||«i?gli(i, 

mtcroif&gtlSSl2 0-3 t:<f;^5#:aiLR7' -it^m 

■r^Tk^^i^it^m^mmmcx^^xm^^iv^mmm 

V^2 0 i:JlSffi2 0-2 tlcioT, iSiisl-^iK^S 1 6 

mm 9 SrMiPF^iilffi 1 6 icm^ Vfj:iiih^i&i^&<om 

[0 18 21 r.rc>mi 6«>|06?^^W:, HSffljSSa^/H 
tcJ;t)*DI^$nfc±$i5<Z>^@(*:8cD*®lc, ;{f;^p#:til 
U R 7 J; •? ISJpf;if Sr!!fc#»tT, I^ilsf^iKIK 8 - l ' Sr 

^® 5j<>5r 2 O - 2 \cmi^ H«^^ro^ 

1 6 i:m^-t^ X 0 tc^^^nxv^s. mm^ 
'&mnf^tmm<om^'?k^-Y^mmimm^\^X'y 

I/jK-jry h2 0-2tt, ^<r>%m-^ (?&ip*«>S^, 

'L^;^^cJ:^)^§i!!fl^l 6;is»v>R«^^icii:iff>ix5. r<o 
*t«IA»?>^atfS 1 6 (^S^SrTlf > r i: 

J:»J»v>n«4^«>igS(*: (!>^^>) S:Sim-rri:iiS-e# 

m^isrr^^&ic j: o x t> j: v 

[01831 «t[^0||lg7^«g», i&JS1£^mf4:2 0 
iS^l 6 i:Sr«SS^O^iL{cioX#^S«!fc«}^5« 

[0 18 4] ^nWiSfSmi.. ^mn^S^it 
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Jacl-;<f^efcmbP 7' fcSVN^?' -ItriHSb. mifB 
sK<5rs' hg5ro;«/;^p*:mL.P7' - 1 J: •j:i^S'l4;«f^S:S£ 

[0185] ^16 nmi&mma. MWiX-m^t l 
tt. tmmmm^ ^ 2 0 <D±^^i5:m t wmmm 1 e o 

[01861 1323 (a) \Z:7rvt^^m<r>% 1 6 05106 

[0 18 7] Mi^L:/t*%?g<7>^i sn^mm.. m 

[0 18 81 (1) l&iKffiSr»S*-e:T«it^5rt*s 

(3) mm.t^>&mm.^iia>mL^f^-»7.mt'^^ 



(7) m^^mm(oikmii^%.^ i%m , (jk 

*a) fc5V^tt@^♦: (@4B) (Df5JixT?fcoT't>J:V\ 

(8) ¥ffi^^i«iaiS^=l^/^«s^i»^B^;l^SUTV^5 

[0 18 9] 02 3 (b) (j:^-r*%0J<o^ 1 7 roHJS 
J^tefi. 2 0-3 ^^-rs^f^^ixfc^ 

JS^4*«^ 2 0 WIEif6i^«£^fc J; o T ^ ixfc^« 

SJI-t. ^JH4^«f*:2 Orort{i!»c^aSMl 6^±|*$ 

51ft ^ ttS ;(f ©JE;^JXt;^^^4^m«^ 2 0-4 

2 0 mSftH--5 z.hfii< ^«li!M^$i^Tv^5. 
[0 19 01 ^bT, i^l 7®iaS3f^«lB:, t&JRttJSS 
*t:2 0<0|*jffill«)?g^^tJiSofiS! (^:^) ^|l|e«Srffl 
V\ mmc^^XB t^(DXn-^2 1 SrffiBL. :i;;^e*: 
Wp7' (;i{f^StAP5' -1) 25.U?7' -1 (:ff:^^ 
APS' -2) J;9Jp^;<f;^Sr^U ?§fllffil 6© 

±^it). 12 2 3 (a) xm.m\.tzm^tmmic^wi 
8 (orm^mm^^if^ 'k^Hnxm±^'±fcmmm 

itJffiiS9Sr^^Uoo, BtnESit-&2 iSrT^^t-arT, 
mrtaefil 8±j;ii!g5,Sr^ft^?'*TV'><, 
[0 19 1] #tif&iS!is^fi. ^ltfSJg«>;^»^/i?>-m^^$>5 

^^nm^^x'ix^xhXK. mn5;«f;^B>:aLp 

7* J:t)llJ|sF;</;^«r, 7' - 1 j:<!)^m^:ff^i:^V 

xmtmmio>miii (mm^) iciort^v^ * 

fflV^T. iSgPJc^^l 8SrE«bfct><D (mai-5S2 

[o 1 9 21 H2 3 (b) {z^rr^%m<ofsi 7 <omm 
mWiii. ickgr-^iokgr (Dmmmirmmv^ 

Xtt< , «irf5^#^«» 2 0 SrSol^ i: UTiSiSKaEJi 
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[0 19 3] ^5fe<7)3— /VK' jJ'/W— (Cold C 
rucible Melting) m±. MMI&MJj H^mf^^iXtct^ 

mi^mzti. mmmi>m^&of£f?!m^^ns,< . mm 
7 (Dmmmmti. wmm^mt 20-3© m<r)7i^^ $ 

7' -l^BBSU BfnS5off:yt^i4»S«=f::iE«^? 

10 1 9 41 mmvti^?6m<omi icommmwi 

(0 19 51 mFx^L/c^^igro^i 7(r>mmmmi-x^ m 
mmm\z j: o r is^j- $ ttfcr&«t£»m^ 20-4^:^^^ 

1 0 1 9 6 1 ( 1 ) :*:&o^ifcffiS:^;£ic#miti-5 

(2) m^6«), «M«6«jSSbtciS«$|je<j?^S:Sltf::< 

(3) mmmt-^imm.i^t<omK:tf^mi)^^-ir^ 

(4) mmi^mMn^mhirxh. :ffy^m\ci:ox. mm 

( 5 ) mmmm 1 e ^i^^si^c 20-4 i^isrt 

e>ixfc;y;^p*:tllLP 7' Sfcfi7" - 1 *>e)tt^J|s!-^ 

( 6 ) ig^^Str^JR-tt^m^*: 2 O OjSlfPJ^iBg $ tltc 
mf^^±(Dfy-Cfs:< , 1 6 <D±?fP«tSi 9 

(7) «i^5IS^Ef©:i^ffidS^f^ (fvffi) . («K 

(8) igfl;<4;{f;^«r!!fciitfri:{ci>jl^!pH^«SSr?T 
10 19 71 0 2 4 «:*%gg<Dm 1 8«)|QS?^ffi{ci5 



h(Cold Boat) S(Cigffibfc«3J-Cfc5<. 

[01981 El 2 4 1 8 (Dmmmm 

f\,tz^^mnf^2o-4(DfHmicif>t.wkm\^a7' - 

ttt^h. ^«6^|»fe (Zone Leveling Method)-^^ 

(Levitation Zone Refining Method) 

[0 19 91 02 4t;i*5V^T. A- A' l±^tt^«(^ 

2 0 - 4 J; o xm^ $ ix5 nisgiJ«z>Tgi52i?- h^^t» 

If 2 6^i4&^^^:J:•J|^v^T'^>m^e i" tim&mnii^2 

1. 3-2ti=tyf/U(DmMfS:hWZ.f^7i(.(D7^ma^7f: 
UTV^5o Tlfi55l?-hgi5^«^-r5^<4^li^«$2 0 

- 4 ^roM*s8g¥-ci|£^ m<D^mmmii^zfu y ^ tc 

^n^?^SP;!k(^StA, 5tttlUP*2 0' -1T?^U 
C<;i(f>«.ifeAPSr5' -1. ;5f;^K'i=Sr6 ' -l. 1^:^ 
B*:aupSr7' -l-t?*U ±§5^^t>l^«fJ::/a2/ 

-2-e;^U :^/;^^AP^5' -2. ;!f^iSWSr6' - 

2, ;<fy^PA:mbPSr7' - 2 Tf^bTV^-S, 

[0 2 0 01 ^\.X. ^Mm^^mm.Pti-^x2yi;-g(jf 
^JH4#«^2 0-4fC{i. ffi. :&*)5V^fi^<^^ffi 

5. 

[0 2 0 11 ::(O*%?g<i0S£SS?^ffi«:. ^tiigbfcipt- 

^iti^^^m) Sr««&U fo5V>«:^ T^^je- h 
<o:»';^p*:tm-P 7' - IJ: ►)m^s|-:y;^Sr-'^::^/i'$-er/£iS 

tbm^vxi,x\^\ mi^^titL!SM^:^(t. mm&i e 

[0 2 0 21 -tUT, w©*IS?g©fgl BOltJfi^lfi 
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2 3 (b) iz2i*)^m\^it.miimmt^mf£^iki:mi> 
[02031 wfiS 0 ic, ^^m<r>^ i 8 <r>mm 

10 2 0 41 132 5}i*%gg©Bl 9> Il2 0<D||J6?^ 
1 0 2 0 5 1 i^y a VMitSf^MffiroSSit^, ^^W-m. 

nig, ^2 oco»S?^ffili, SJ^:^*. SJ^;^<^f^i 
W«>f^l9, ^2 0©3USJ^S8H:. % mimthZ\^^ 

10 2 0 61 IS#ft@#:fcSV^^i^H!l-M<0«® 

[0 2 0 71 *i5w<ofBi 9, m2o<omimmti. *f 
i&tmmmm^ ^lafijt (st^iS) ^irflam- 

[02081 025 (a) |;i^%-t-*^egc75^1 9(D|Qg 

2 7-isrKit, japiaffl)tes^a2 

9A>P>c^aE)feSr3t^'? (^r-r^<— ) 2 8triST, M 
fB3t*fr 2 7 - 1 O^feiS 2 7 - 2 J: •? WfEH^mS 8 - 

(b) lc^i-**l?«>S2 0©ia6?gfiltt, 



TlcKB^tv^^H^l 8±{c?^fig;$ti.^^gi«ci 6 

ft:2 7-lSr^»t, ®Sffi3tai^S2 9 35»e><^Sil®?t^ 
2 8 SrST, HtflB3fe«i*:©5fei{g 2 7 - 2 J: »? HtflB 

[0 2 0 9] M2 6ti.:^^m(om2i(Dmm,mmicx^ 

JsdigJt (^^i») SrRgm-5Sm*(i^fc'b<^-Cfo5o 

[0 2 101 s\z.^rtm2 i(Dmsmm\t^ wk<D 

*6igtiPSfafSr'ti-5*}?r$ixfc^14S>«<*:2 0 SrIlilU 
T)fe^«c2 7 - 1 Sr^ft. S6e«)tai^»2 9*^f>Ol!j 

^it^tfmm 2 8 srs-c, miE^t^^cro^fe^ 2 7 - 2 i 

9 miBflUK^fc J: o r mrl5^14««f*« 2 0bim 

f&K^n $ tvfcmna^fl3[(*c 1 6 wm\^mMr^ j; 5 
[0 2 111 wmx^ti^if-^mffy^i s-^-mzKomm^ 

mt±. )fc^1=2 7-lSrl^@S>5v^«:«Si:^Hfflv^5r^: 

fe S :t fe«M6«3'5;a:mSr:^ < e i $ jfcv > i: V ^ 9 !|$mSr t 
oTV^5. )t*W<oS?:«tt, Hti1S^M14^«<4^2 

0 ©iffegtiBI^ 2 o - 3 fc 5 V NttfltreaiElSf t-tt S Stvfc^l 
«^2 0-4(O<pIttSrRabTt^V\ ^2fi:L-Ctt, 

LT, iSfc, l^^m^t UTStfi 100nm~300 

[0 2 121 aftfjfCfSDT. -r>=it — 

[0 2 131 -UStic. av-lSJfsfjgjKSSfloaiatfcSV^ 

is^ (i«m) UTv^s^®srjgssfl;^ «^) -rscii: 

[0 2 141 ^L,-C, %la@(*:^>5V^«:^§at 
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[0 2 151 BSJfiL,fc2tt|g§g©s^i 9'^f^2i<Dmmm 

[0 2 161 •T'Sct?*,. mri&LfcUl 9~^2 1(D|I5S 

i^^J6 = -r/H fc-5V^f*;&Mtt^«^2 OOS^SiilU 
XWtin^imW {^T-<T. ^^^) 2 7-lSrflJffl 

^fej{g2 7-23!)»P,glt. ^^'f (7r-r^^) 2 8SriS 

^itia^n-^<DS^)t^ms2 9 1? uMfihmc 

[02 1 71 )t^^*:27-l, )t^{*c5fe^ 2 7 - 2 , ^ 
«W (7r^'>'<) 2 8«:. -^riOBe^JtCioTJtai^ti/Wds: 

t^ws2 9«:. 'm>m(r>^i^m%m.t\.x. ssc^mmm 

[0 2 181 02 7«:*^M(Z>^2 2. ^2 3©iag?g 

2 7 ^#Rg UT;*:«W©^ 2 2, ^23 ©HJfeJI^SISra 

[0 2 191 «&3S*-t?fcSi?quyi:*IS5g<0#|Qfi?^l!g{w 
*5»t5^@(*:8<DTg««ffi8 - 1 S:;«f;^!fcmUP 7 Sr 

itc. S5j|2:!J/;^5*:WbP7 J:ijili|sf;tf;:^trB*:#i-t, 
e>w;i=S'®«5iSiag? (i^y ='>-<DB£^ias6tT) km^ 

(0 2 2 01 S2 7 (a) l:^-r*»W®m2 2<D||1S 



X\ ^H^^8$r^'?HA/T% 7!k<^$Hfc^S^1-1S2 
2-AS:ia«L, %^@{*:8 tStn2^1^2 2-Ai:<:DFfl 
(^?y;t«, T/w=^:^, 7ii.mm) SrSftLT, 
lS!|s|.:^f ;^ ;t Wc^.±^:ff:^ (DM *) ii^ ?r E&v v ^ 
5. ^1-tS2 2-Att. «^<oif6iidfS»*%i-57k?&^Jv 

5o Jfeis, Bf::r±, ilfeiife*88»o9J«Jii^e=Sr2 2- 

R1Si:UTti<, ^fc, 02 2 (a) ICq^Ufc^f;^!!*: 
tiiUnSr%-r5^«14*mfr2 GORif i: LTt>J:V\ 

[02 2 11 mm^x\t.m.m\^it.-if.^m(r>^wm^\z. 
*5ft5 1 t^iTtwSKttfcisfRSf*: 1 8 (n>±.m^fm 

-r>=^5' hT-fc55&f?ft@{!*Jl 8(DH«#®, 5.1)5. 

Hf^^offiyM-^sos^ags (->y 3:^roit;fiijaseAT) 

0, 1 8 SrfiSES (^m^Bit) LTT9o * 

[0 2 2 21 m27 (b) (C^-t-*^?g<^^2 3<D||ig 

-e, -f >=f5x h-eS>5l8fSi@(*:i 8 i:»i8HS?ffl 6 tSr 
St«)HA/-e, *i«&$*lfc^Si^1-WS (RfS) 2 2-B 

«f*:2 0<D^1-[6|e-e, ^<^>rt®«:^p« S':^^SJg$j^TV^ 
5. i(6SI5B»©^95i^gSr2 2-B' i: UT 

sa{R1ST?fcJ;<, *fc, 02 2 (b) \z^\.ft:if:^^ 

[0 2 2 31 &2 8ti;^?6m(onsz4<ommmff>m^ 

i:mm-t^mmmx'h^. ^(Dm2 8\c7jk-r^m&m 

02 7 (a) t02 7 (b) ti:m^'^i>^X^ 

t<of\pmfi. mi9\ci:*)WLmi^ftmmMmtmmx'i> 

5. r«>m2 4©||^S?gffi^C*5V^T, ±t6^fgi2 2-A 
SrfToT*J 0 . T«5^S 2 2-B ttTSS^S^igS 1 8 
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[0 2 2 4] mi5Ebfc^2 2~^2 4<7>^iS?^^<Oj:p 

SMfi (@^*J) «:S!Bti-5ri:iS-si|gi:;fet). r^xe>«> 
<o^2 2~m2 4 0^?^^f4. 02 0 (b) {witJBi 

[0 2 2 51 812 9(i:*:^§ecD^2 5, ^2 6©|li£?^ 
2 9 Sr#M VX:^^m<Dm 2 5, ^26 OHJSj^ffi^^ia 

[0 2 2 6] mi&t.x'Km.^Mvtz^%m(o^mmi^m\c 
*5 ft 5 ti±<^i«tgs ^ tit^mimi^mM *> 

(Particle)«f*|S^$-e:Tgill^lC?5iXiS:^C 
[0 2 2 71 02 9 (a) , 02 9 (b) iCmt^^^ 

[0 2 2 81 tui*<om2^fS (#^«*^<-) fi, 

=^^/^^^^■m^tmmmfSit %:^-t^im&mf^i:ifvvx 
mmtn m^t£. r^^^^yj?^) srissu 

i^ i: HfTlBIK 2 ^taf <o TiJSSP i: iSSl^ * -a-T t J; V \ 

[0 2 2 91 02 9 (a) fil^H-*^?^^® 2 5 
8<O^Hlc, »1^1-fi2 2-ASrES-r'5i:*lc, ^r<0 



m 23-A' A5Efi^ci^Tfit^S;$^^Tv^5. m.^23 

-A' tt, ^2^i?i2 3-ACO-gi5l;iBl|^S:^ltT«^ 

5 t-«6igH4«-!|SF-ef^b*vfc7'^- h 2 4 iiW^m 2 5 * 
^Lt:Ea$^^Tv^5. :i<7>>^i^— h 2 4 ti. ^2^1-1^ 

tt, mi^1-1§i:m2^fSi:orad»t,, ®S^*K;«fxfi.TJ? 
ISiSiH^^ i: ^ 1 ^1-1^M»^iSitixS5f:fgi4;5f ?Sr3*S!l»M-r 

[0 2 3 01 02 9 (b) iz:?rrt^^m<7>m2 6(DmSe. 

2 5(o^?^ig©^ti^^(c, wM-^x'\cmmi-tim 
mmmicm-fi^mi^ s (^^h^ci, ^ 1 ^i-ig 2 2 - b 

§rga@-t-5i:*(c, ^(Df^m!i^hi,!:.fH2f^n2 3-B 

Rxmmmmm^^ mm 23-B' amm^i^xm 

^!fe^^^TV^5, -?:UT, ®2 6(0|fe6S?^^t, 02 9 

(a) (om^tmmic, ^i^iss.i/M2^fswM>5^e> 

migSrfT5::fc35s-e#5. ^^23-B' ^29^^ 

2 3-B<r>—n\zM^^Winxm^\^xhx\,\ 

[0 2 3 11 03 o\±^^m<r>m2 7, %2 8(Dmm^ 
mn^x^mm<o^^=s:m.m-r^mmmxi>^^ sit. m 

3 0 UT*ISPB«>Sg 2 7, S 2 8 (OieiS?^«ISrSi 

[0 2 3 21 mi&X'mmvtz.m2 m26<ommmm 

2 ©^tS 2 3 - Afc^V'tt 2 3 - B t ^ 1 <DP3fS 2 2 - 
Afosvsi 2 2 - B i: (7>ra>&»P>:*:$5$5-ds^$J#^§ix 

(«®) irsstasjs:® mm) to>mi^^^^s^if:^m& 

(a) , 03 0 (b) iZ^-r:^mm<OfS2 7. f^2B<0 

[0 2 3 31 03 0 (a) l::^rt-3fc^9g(Ofg2 7©ia6 
J^ffifi, i««&3-f/H<D_h^|cE«$tt^^@«:8 
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(omau (n-^tn-inm) 26 -a- ^m-r^^-riyy 

(*^^-) 2 6-A4riB«U ^-f/v-® i WfB^+ 
2 6-At(Om\^. ;i{f:^#AP 2 6-A* SrKitT, ^ 

;^(7?3|Att, @l;::^U;fe:^f;^^Ao2 6-A' d^btcKl 
t>-fs «Jg9©SJ!jmup 2 6-A" 7i»f>t?t>J;<, * 

T) *»e>^ToTtJ;v^, ^?g'l4:if;=^^AP2 6- 

A' It. i£;«Sfc^s:^:.t:#^^pi:LTtffiv^5r^:t■t? 

[0 2 3 4] H3 0 (b) »::^-f-*^Mo^2 8(D|U6 

2 6-BSrEau =iW/W®i:S(rlS^-^ iy7"2 6 -B t 
OP^tc. :«f;^^AP 2 6-B' Sr^ttr. ^fiH^ytf;^^ 

U^t-^Srt-^-^SStttS&ESitt-S J; p Iw Lfc t«)T-fo-5o 

i*. iS^^S='^'/^©±*IS(c^ltb^^fc:^fxB^:Wp 
^) /i^e.tfoT'biv^ *fc\ :^ffitt;«f;^^AR2 6 
-B' Ji. je^StcjSD. #^Pi: L-Cfflv^-Sr i:dST-# 

So 

[0 2 3 51 m3^\^tc:^?^m(Om2 7, ^2 8<^||JSJ^ 

-tti:t>*>. ^2 7. ^2 8©|£6SJ^M«. 
5*:WUPSr#-r-5i«^2^3-f/vi:. ^mWt. ^*tSr 
5iHA,:^^l^fSXU!^2^1^i:, ^^yT-i: 

5o fS2 8<om^mmi-i. ;«f;^e>:tabPS:Wi-5 

BX/fcmi^i^XT/»2^1-fSt. ^^>»c. ^-ry^ti: 
y h trm^-r^ w i: as-C-# . m^&-( :^=r'yh ©Sit 
[0 2 3 61 ms lfi*^K<^^2 9. ^3 0ro|QSj^ 

3 1 Sr#fiSU-C*IS99©»2 9.^3 0 ©IQgJglSSra 



wimvtzm2 5. m2 6<Dmmmmtm<oms3mt%: 
[0 2 3 71123 1 (a) \c^-r^^m(^m2 9<Dm& 

LP 7-1 i 7-2 tSr^L, =>-r/H <^±gi5fcf4B^ 
H^^8SrH^T*||1^1f 2 2 -A ttl2^1-1^ 2 3 -A;i5 

i2«^?n. m2i^^(DT^m^m%^2 3-A' iimm. 

a) -t?fc5IBf?ftH«ci 8i:, c:tvS:BBA/^^l^1Si2 2 
-B*SiaS$*^TV'>5. 

[0 2 3 81 t^r3*^-*Jv^T, ±§p^@^8roT^f5^® 

5|sF:«f>«.d5:*f;^B*:abP7-lJ;(?^#lt6>ix. EJCS (S 
TcfcSVMt^^) ^itf«?g8-i' fr^^i^-* 

f*: 8 tDT$i55fe«g 8 - 2 f •? , a ^ /WTSiSro^iKffi^ 1 

6»;itt^^tv5. f^ii^^tfli2ii^ns 
[0 2 3 91 6Sr^y^5*JSSl 8f4. ^ 

^irfc^JH405^ 1 ^md^e><o«K^;^tc J; oT— ^ 

/H «?;!f^e*:tH UP 7-2 i^^tt^iS^:ffy^immS. 
^16 (^*® fCP*:#lt P>n, mf^^ 18t^l^1§22 

[0 2 4 01 03 1 (b) \Cmi^^m<OfH3 0<DmM 

7-1, 7-2Sr5B-U ±8i5»^Hfr8©TSiJ«Si8 
- 1 ic^^ikmi^a 7 - 1 J: 9]Rfl-:^f;^Sr!«:<y-»tTVN 
5, T^«®8-l|c|§^l.fc^SltK}B8-l' 14, T 

gp^iStJR^i 6jc«i^$iT,So Tias^iSiee^i e 

©*®»c;<f;^efctiiP 7 - 2 i *)lsm:ff^ifivkHffh*tX 
[0 2 4 11 ^LT. TSProSiKffi^l 6iSr«fem-5¥ 

i^sistt. msm<omijatmm\.x. meuooTi^ 

@3i (a) (Dm^tmm\c. ^(ommKmrn^ti 
tc^&iom 1 f^^i^ho^m&^Mcx-ox-mc^ 

-) 2 3-Bi5Ea#ix, ^<Dra«»p>s«;^:!!f;*«># 

[0 2 4 21 si±. y^mm(o^a)mm^miz^\r^xm 
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[0 2 4 31 *BW(Diafe?^l!ltc±ixff, lS!|sf;iJf;;^B*:m 

10 2 4 4 1 ^^mmcommuKxtits. mfmrmsi 
m^Mm\c^n^jxtz^^^-:>i£\^\cm^vx. rnsr 

J^iPSIkb. 0m^-:fo'y^(r>Wm^n^^ti)iX'^ 
[0 2461 :*:^9go*te?^«8lc intfx WI5?gT^l!i 

[0 2 4 71 ;^%K<^l83SJ^ffiti::±tvrf, BtrlBtST^Si 

[0 2 4 81 :*^?&m<ommmzxtht£. m^ymt 

[02491 *fS§g<o^iS?gffitc:iHtf . SulEMTfc?. 



^£ < . M**:ll!|£f ^ f>il:Sl«|iefit^ife^-r >=^'yht: 
[0 2 5 01 *l65g©3life3^«8fwJ:ttlf, MIEjSTfcS 

[02 511 ^?&m<owmmKXfit£. mm:ff:^ikm 

boo. $ b i;:-^ (^^iM^ffi ^c^R!^s^;5f ^ «r?*: 
#»tT®iist^^^«)^il!fKroW^^lTV^oo, S^^fet:: 

[0 2 5 21 ^^m(ommmm\^i:nf£. ^m^t^^ 

<tt). m^^^Mi:n^:iti)>X'^i>o -tfii^-tb. 
[0 2 5 31 *%MO^?glifcJ:tttf. 

(02541 *IS5go|£S6J^«ltc J;ir«, JS:S|-*t©5S?R 

mi^<o±mim^mm:>f:^ eJcw u p s: w-rsm i © 3 
/Wwj:i?jnfau. mf^ic^<o^m\!im'^^:^t:^Hi-fx 

[0 2 5 51 *IBegoll2iS?^1ISfcJ:irtf. ji^ttoiSfRl 

@{^«>±g5*®SrMfE;^f;^?*:ai UP Sr*-r5 =''i'/'Hc J; 



(27) 



#H2pl 1-314996 



[0 2 5 61 ^^m<r>msmi&\:iXintf. mmicify^vk 
0±T® tci^ [Rj L.Tf§fi@«c$rgES ±Sfi5@f4:(DT^ 

^^(o^^%:^mx<n'yx. ^^(o^^^ni^^:! 
[0 2 5 7] -^^mo^mmj^mi^Jiixii. =^^/\^(D^m 

gp) (c@i*q^^S:S)KbT, @fl£i^S«)-:;^J;t3ifeSfi£ 
[0 2 5 81 :*:%?^coSfe6£?^lg»cJ;iL{i, ;Vxp*:tt}L.P 

[0 2 5 91 ^^^nmmm^xfva.. ^:^^m\^n 

i-5 r 1 J: ►) . «««:^IS?M t ^IHS t ©P,a lc|g^-r 
[0 2 6 01 *IBrao|tJBJgaS»cJ:*Uf, ;!f^!*HiUP 



[0 2 6 11 *l6M©||Jfe?g|8J;iJ:iLtf. ;*f;:^p*:abP 

•?B^t?, :if^i!*:tilbP<^*L^«:©i|feigaSgE««r=fir-t-5 
t^mm<r>t^m * ;if !^: W Uffi;^&tPm?K;^; J; U #^ 

[0 2 6 21 *5l?g«>3efe?ei!8lcJ:ixtf. ;<f;^B*:tllUR 

[0 2 6 31 ^^m<omm&micxivti^ ;<f;^p*:aiup 
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[0 2 6 4] :i^^m(ommmmici:ivtt^ nim:ff^'!ktii 
fi^^1-i»S:RgMi-S t <t >9 . ■eti^;!f ;^ <^m!|Ef^aj:^ 

[0 2 6 51 *^igro||ife?g1IS(cJ:tLtf, iB;!Sim«et-h 
tciDfi t\,tLm^m^h^ V Ntti^a Jig? ic^if ^ ixtz.m 

[02661 *%8^©lli£?gliiciix{i, m^d^m^ 

(o^micmm^ixftm i «?^i-fsw ^ h\ci^mm\^f^ 2 o 

^13iSrESUTV^S«)-e, fg 1 ©^fSf t ^ 2 <0^1S t © 

mi>^hSJt>±^:if^^^-ri>^tii^X'^^ Sf&^f^-- 

[0 2 6 71 :^^m<omm^m\cxitt£. HinBSg2©^ 

[02681 *^9^«>|6S6Jgt8tc±ii,tf, t&fEJiSPISf» 



9. ''r-vs':/^; =-r/w®t<oWt;i5PSi4:^/;^S:g{EL.. 
/WTg5®tciB«$tLfc^+->':7'lw|iPgp (?L*fc(4H 

[0 2 6 91 ^^m<ommmmi>cxthft. nmimm^=' 
[0 2 7 01 :^%m<r>mmMKxtvii^ nmmmi&=' 

5V>W:Hti1B^ffi^*®i::iJb, iiil:fesv^^a«^^$^«f 

[0 2 7 11 *:%?g<^^J^ffi(-J:tv«. tul53'i'/vo 
Jigi5l-iBS$ttfc^S{*:roTg5^®<0*B^i:. stflBa 

^A'©T«P»^f^2©3-</uSrEa-r5r.i:!5S-C#» ^tx, 
tcit), ifi(D3-Y /v±gi5<o|gWfi@f*^Tg5«®*> 6> ro® 

3SfSi@«:©±g^s^®*»e>ls^s^^i^KS^B<ols±Sr^T^>e:. 

2(D=i>fywi:(Otll;^j^$bS:l;:pSUT. S^ttX-t;^ 
[0 2 7 21 ^^ego^JgffiJCitxtf, BtnBi«^Sc3 
>^eJi:WURSr«-r5®iSii5V^Slt*SrW-f-5^, 
►)m^tl.TV>5<OT% %^@«cfcSV>«?giJSS^®d> 
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[0 2 7 31 :^^m(Dmmmm\^i:tn-f. nmM^^=' 

10 2 7 4] 

)K*#SJ^;fe (VLS&) izx>o. ^P^m.m^tt,m^m 

?*:tti L P S: W-r 5 ^JStt^«^|S?M i: i« ^JlS = -f 
1 0 2 7 5 1 (1) ±g|5%i&@^4i<DT^*®fcM!isf;if ^ 

10 2 7 61 (2) TISI8l»@»Ji§5*)5VN«:-t®±«5 

[0 2 7 71 (3) «:J|-«fe5V>«cS«4fc»r®SrWU 
;?/^?^:mbPSrWi-5ii5^Sc='-^'/^«r^fflv^T, ^Btffi 



[0 2 7 8] ( 4 ) m^<Oiteiiaf8E^Sr;fi-r ;5^Mtt*« 

l$^^wit)«^Si^55^s^s^fflv^5^i^cJ;t). mm 
b(c i ^nw^mmL<o^-&^n. mm^m 
^mmi^ m.^. m^. mm mit^i^x^m 

[0 2 7 91 (5) ;*f^P*:fflbP^=fri-5«^Jt=i'r/W 

X. mmmm^x^^m^^h^if^r.t\zx\). 
mhi>\f^n^i^m^mii^x^ mum5X(Dm^:ff^<r> 

(0 2 8 01 (6) ^@«:fe5V^tt^M^S«Sr^!M^ 

fc. m2^1.1ftcm#^^ffi^-5ri:fciij(^gB©m^*s 
^^g^4;^f^S:#^bfc5V^HL^^S■^TP r t:: ioT. 

(028 11 i7) ^:^i!km\^off>fSc^ :ff:^vkmi^m. 
m^:ff:^m^. ;!f^5*:mb*-|p]*^^^i:t^J:!9. JBi|sf 

5. 

[028 21 (8) i«^St=i^/wSr^^{@fflV>5ri:{c 

i-S^lildJ:!?. ^?fi56<jJfeSlcJ:5»i!feS:|Sjtb-C^ 
(0 2 8 31 W±giegbfcJ:5fw*BW»cJ;tttf. 3lrb 

imi} ^%m<ofsi<o^}mwiKXimm<om^i:m 
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[041 H3co^Bw±®J;i?afc«^SriftKt- 

[m 7 1 ^mm<Dm 2 (Dussjgjio^j^^iiti: i s^ao 

[081 H 1 ~0 7 1;:: i I? bfc^fS«>±® i •? ^fc 

[0101 01~07lcJ:!5I5iigUfc^«tcfflv>^>ix5 
i-0T-fc5. 

[01 21 *^§gro^4<o»ifi?^ffii::j;5^«<D«^-lr 
lii5gi-5»r®0T'fc5o 

[0131 ^mm<oms<omimisn^xi,ms<om^i: 
[0141 6 (omm^Wiic i 

[01 51 *|SKroS^7<oSa89^1!8fcJ:5^e, 

[0161 :^^m<om8(Dmm^w>ici:i>mm.. &x/. 

[01 71015 (b) Rxfmi 6 (b) . 01 6 
(c) icxr)^mvtzmx'm^^hixititmi^mmpiisii 

[0181 *ISWrofg9~i^l i<o|llS?g«llcJ:5Sg 

[0191 *%?g<^«l 2<D|QS?gtlltCj:5^«©«fife 
«rlftffl-t-5ISf®0-e*>5. 

[02 0] :^%m<of(ii 3<Dmmm^xi,ms. & 
[02 11 :^^m<omi4a:>mm^mKx^'&m. & 

U^. •?r<o^^jrofi}^Sraigi-5»f®0Tffe5, 
[02 3] 4:|S5g<OS^l 6,^1 7©iegJ^«gfci4^ 
S<omSrSi5gi-"5»r«50-efc5. 

[024] 1 8 <o^sjm.\z. X z> m&<omA 



Srlft?^-r5®fffi0T'fc5o 
[02 51 *|§§g(Omi 9s ^2 0(75Si£?^«i»C±5^ 

[02 61 ^%m<r>m2 \<r>mmm^ii^mm<r>m^ 

[02 71 *%?go^2 2. 112 3(O^JS?^li(Cj;5^ 

[0281 ^¥&m(Of^ 2 4 <0|Qfe?^«g(7)«figS:Siegi-5 
»fB0T-*>6„ 

[02 91 *^9g<©^2 5, ^2 6<^||Jfi?^mi5^ 
B<^mSrSiWt-5»fB0-efc5. 

[03 01 2is:|S?g©^2 7. ||2 StOiaSJ^^miSig 

[03 1] *^eg<OM2 9. M3 0(0|l:^ffi(Cj:5^ 

il<o«^Srlftigi-5»fffi0-efc5o 

[03 21 m^:if:=^*^tt>ummi^^^m^^^Mm^ 

1' m2=i^'/u 

1- 1 mM 

2- 1 avf/i^^ 

2-1' =^^/ui^'j-±:^-:? 

2- 2 a-r/viS^ 

2 - 2 ' 3-^' /w«g^Jh^ v> 

3- 1 }«&^*AR 
3-2 ?&*P*fflR 

4 ?&aJ7kjil^ 

5 ;iy;^^AR 

5-1 ;^f;;^ (l) ®StAP 

5- 2 (2) (DWCKa 
5' ^««cW;5f^StAP 

5' -1 ^mft^o;!^;^ (1) ©«tAP 
5* -2 ^«f*co;«r;^ (2) ©^p 

6 :if;:^il^ 

6- 1 (1) <om^ 

6- 2 (2) a>m^ 

7 :if:^Bkm\^o 

7- 1 :3!f;^ (1) <75P*:ttJUP 

7- 2 ;«f;^ (2) <^5«:aiUR 
7' mmi^<o^:^<>kmva 

T -1 ^«*^©j{f;^ (1) (D^mvo 
7' -2 ^«flEC5;i?f;:^ (2) <otf:mva 

8 ^SW- 

8- 1 iSlglHimiii 

8 - 1 ' ^imnmm 

8-2 ^@*t:T^3^ 

8-3 ?mmi^^i^^^ 

8-4 ^@f4^^flta[@0 
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8-5 ^Mi^m-K 

8-6 itif*^ISfgi@«:<DT«asR1Si 

9' m.im^ 
9" mm^ui&m 
1 0 m^m^^w^m 
11-1 mm^='-^/i''i>^^(oK 

11-2 iS«&3-f/w«g^W©;^y y h 

1 2 j^fflnia 
12* ^f§14;<f;^^AP 
1 3 ^^5o{^ 
1 3 • 

1 4 lHlt5@^ 
1 4 ' [Hltett 

1 5 

1 6 ISilsF^Sk^ 

1 6 ' mmmmmw 
16-1 

16-2 RtMRISl^^iR*^ 

1 7 

1 7 ' @«qgra 

18 ^i^fa-f ^=f5' h 

1 8 ' 

1 9 ^Mnis 

19-1 ^^P31SiS?L 
19-2 »SRfS^«R« 

{^11 




2 0 m^(Dmmim^m-t^'^mim^^$ms 

2 0-1 iffe^ttii8Ei«^3i^&« 

2 0-2 mmmmt:^-t^^immi^&u 

20-3 itagfcteJS^ 

20-4 mm\c^*)^m^ titcmm^m. 

2 1 T$i5|g^@*l^S^t^S 
2 2 -A Ji^^l^tS 

2 2 -A' Ao*&gaisat»§]ai*{ia 

2 2-B T^mii^^ 

2 2 - B * B 

2 3 -A Ji^a5^2^1f 

2 3 - A' Jigp^ 2^1-115 ©qg^ 

2 3-B T^m2f^n 

2 3-B' rmfS2i^^<omf^ 

2 4 ^^:7'V'- h 

2 5 ii5^S[=i-r/Vfc*feigttt7'U-hrog!^ffi 

2 6 ^nw 

2 6 -A MoaJSr=ti-■5=-f/^T$6^■vs':7'A 
2 6 -A' ^^v:fA^(r>0:KmAa 

2 6 -A" J^r-Y^yT/AO^WPSP 
2 6-B =ty( ;V±.n^\y:fB 
2 6-B' =^-^y7'B'^0;«f;^^AP 
2 7-1 

2 7-2 

2 8 S8^:7r'i'^<— 

[B2] 
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